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I NrRODUCT ION
In science and engineering the solution of many complex
problems ]~n.ay be facilitat'i'.~d. ·t·,~"y model st'udies o Model stud1es permit
us to simulate existing or proposed field conditions in the
laborHtoryo The results obtained. frcim ttle model may be applied
1~o ~J1e prototype by r(/laans of the laws of similitqde 0
The purpolse of this l'epor-t is to .i~nvestigate the
phenomenon in hydr81'.11:tc models k:nt)wn as "Scale Effecttt 0 Scale
Effect arit:les from the inabiJ~Lt;l to obtBin oomplete geometric
simi~Lltud6 'betweeT.:l t.kli2'\ mOt:iel an.d tl1e I)rototype o Incomplete
geo}:~etlltic similitude if) a l~esult of-- tIle difficulty of' obtaining
the pl~oper ratio b€~tWE~~~11 mod~Jl ~Jl~ld ~prototype roughness 0
To accorrtplli~~1 this, 'tEis,tJDwere run on 2700 p1lJe bends
of various lengths end diameters o A model can be a ·very US~flll
tool btlt only as long a~ you C811 c::!,ccl1I'stely apply t11E;: Information
from the model ttO the k)~~l>otot~ipe0 It is, therefore, the obj act of
these tests to ~lid :t.n the rleve·:Lopm'~;nt of useful p'red.iction
equ~tionso
In the 0xperime!ltal delsigrl or A.n,81ysis of hydraulic
stl~uctures' b~y the U}3tS ,of models}I t118 rllost important· principles
are those of h~vdr:9uli(~ similltude 0 S.imilar,ity mB_Y be. d;tvid,~,d
(1) Ge(hr(}etrl(~ SinJilarity = exists when the, ratio
(3) D~manrlc ~~irililar'ity = eJcists when there is
,s:l.1ndLl.arlt;~r 01'"" masses and. forces between
FOJr coraplet~~ silnilal"llity all of the above conditions
lfiUSt be ITlet 9 thitS 9 .h01nJEfVer 5} is seldonl possible, .and we must be
contel'lt to satisf;)r on:ly tllose It'61YJS Wllich ha.ve the greatest
bearing on our problemo
,.,
In 8n;y moo~l 1D1rt3fJtigationp ~n order to use ~.he
rasults g reliBble prediotion equations must 'be developedo
In the development of a prediction equ8.tion two
olassical methods are used o The first Inethod~ referred to as
the experimental method consists of establishing the effect
of pertinent variables upon the quantity to be predicted Qy
cilreful observation and measurement o The second method,
usually referred to as the analytical method, makes use of
the data determined experimente~ly and 'from this data proceeds
to develop re18tionsbips among the significant variables based
on the pertinent natural laws o
The general fOI~ of the prediction equation for any
pllenomenon Inay be determined by dimensional analysis" However,9
in order to complete a solution and determine a prediction
equfl.tion,9 we must use experimental flindings 0
In the flow of fluids thrOUgll a closed conduit the
quantity of prime interest is the pressure drop or head
between any two points in the systemo If we consider a
circular pipe flowing full under the condition of steady
flow, the following are the pertinent variablesg
6 p pressure drop ML=lTc=2
L distance of l)lfU8SSUre drop L
d diameter of plpe "L
r roughness {)f pille f/d dimensionles8
p density of liquid MLco3
M, viscosity of liquid Mlt""JJr_c=l
V velocity iJ\f liqtdd LT=l
T ~ Tixae
f ~ Height of roughness
d ~ Diemeter of pipe
Reynolds number (~)o
If the model ls Ol)ertlted- u:nder conditions tl18,t provld.a
eq~l Reyrlolds number, L/id an.d rOll.ghness r8tio with the,
prototype, the following is th.G :p:rcediction eque.tion:
I
/
.' 0
- ',- ')~'F 2
tj Pl.') S'l .LiPrn VP"-/vm
for a circu.l,~,r crO~3S section
Vm2 :;:: {dP/dm)2Vtp:2
A Pp ~ liPm<<\Idp )2
p = protot;jrpe
m =model
the presslree loss in a bend is a function of three, variables 8'
RSlyrloldf~ nuntbel~'SJ length to diarnet<~;,r ri:,(tio~ and the relative
rcrugrln(~i~'H?50 Jef' we hold t'1:J,e Re:lnolds number and the length to
(;-')~\n observe the effect of the.
prototype pressuP8 lossesg
( Ap "(, em;> pro e! S':',.:',0. l'JP = vO
nlodel(GP)p' :: presi';;-:ure
:::;p Sf5 diaml:-;<"",~I" p,,' o'(',ot~-}'pe
K =saale Gffse correcti0n
scele effect
ratio $l tIle roug.b})~:_'~~;,~::~-s ratio are l)otb geometric pF.1I~ametert3 \~hile the
Reynolds r.rumber ratio fj·f ,J~,ttt:"rt,ia ftJrce to vise,ous foreJe ~ thus
flreld o ' 'In. this atudy
d.t"~)dging· in New Yorl{
.:'30 fl% ·7{!t;'].f3.t~ile r(t~ltt(:Jr
1~5 (I t.~~?~,.t)011.Jc~iljaj
III tIle 1)U1Ylplng' of nrud (fi.l1a gl'ain part1c)~es s'uspended
.JJl watel-) tl:!G l~Qll-~entrati.()l1 t,r solids Ilas a d1st~nct effect on
th~ visoccili<~r i!fr.~d deru~ity~ ,of tIle solut.ioll o The presence of fine
e:tlt adds' another phenomena l~eferred to as tne yield value o The
,ie~d ~61ue is s' ~hear stress or range of stress below which the
.Dl8te:rial be)1E!v~s like a solid and· does not flow, and above the
material tlo~ with a deorease of viscosity with an inoreasing
rate of shear o This yield value depends on the p~ysloal and
·chemical pr()pe~'ltiea oft:he suspensiono
The flow conditions ere expressed as being dependent
QU the rate of slle~r an.d the sheall'tling stress q Th:is relation-
~h1p. ·1s express~d in a flow curve which is determined by
shearing a sample ert a eonstant rate of shear ill a vi~'Colnetero
- 6 =0
F01~ tIle CltSe of' f].o'ti in a oircrular pipe tlle following
":('hL\ :C";'1t,,;:; (1/' ishi;,\t' D~ ~ .4,Q'.4t'H3 .9(:10...1
~ ,~' 'c. 1':3 tkllilt- ~ ,.1,1.1 ~M ! 1
f/fl'lf..\ ,rl~3c()sity ()f' the 11rud,t.iln,D~/D
Th..t, R~irl(~nuJ.tic "vlsooslty of tIle l\iUJd V !'it , =.J.(ln/p
TIle I\.eYIlolds number for the mud Nrm.' = vd!V
By- use of t..h.a above 14 elstionsllips And the flow curve
for ttle Inud -,we Oi:'.\.n detel-,ni:ne 'the Re~nolds number at any flow in
any size pipe by' tlle following e~uation::
i\L.. <:;Q. 74'~ rn,:2/A2 0 1.02
"'''.rIll fA# 0 4- ~
A ~ area in square feet
- 7 ..
The experimental tests were run on 2700 pipe bends o
Three (3) test set=ups were used~ pipe diameters of 4 9 6 and
8 inches o The 2700 bend was produced by connecting three (3)
900 elbows as shown in ]'igure #1 0 The test setc=up used was
the Same as the model dredge pump test set=upo (Reference #8)0
The 2700 bends were installed at A as S}lOWTI in Figure #2 0 The
2700 bends were B.ssembled using VictB,ulic couplings 0 This
method wes decided upon because .of ita ease of installation
and its abilj~ty to be quickl.y and easily assembled 8.nd disco
assembled 0
The rate of flow through the system was determined
by means of a 4~ dyrlalog magnetic flow meter manufacrtured by
the Foxboro Conlpany 9 Foxboro 9 Massachusetts o
A magnetic flow meter consists of two (2) main
parts (1) a transmitter and (2) a recorder o The transmitter
operates on the basis of FaradayOs Law of electromagnetic
induction; the voltage induced in a conductor moving through
a magnetic field is proportional to the velocity of the
conductor 0 The voltage is generated in a plane whioh is
mutually perpendicular to both the velocity of the conductor
and the magnetic field Q
of the pipeo Two electrodes
th8 pipe reQord the voltage
tl113 111Sld1~! C;,f:):·F.,t·~F'), '~:L'~ ~t,.\:;'" ):':$ :tl(\,i'£<=(~u')l](lt~/~tc,r 9 8. rna.gn.etic field is
esiJabl;]"15h;f:1d (:,;:C;,i>~'I,):~'3,:t~ c;::1;.I(; .rIta nIll::t of .a coil 0 TIle fl.uid
is measured on the recorder
since flo~ is also
diwneter of each bend t~
= '9 =
maXl0mEiteI}o;; t,h~3 ]_'L(1~1idbe1.11g lt1er'cury Specific Gravity ~
1.3 0 (; fjJr 14EjrJ'1l{r.~~\ <N~)Q :~~ ~~1 S,l)oei.fic; llr~rvitJr 2 0 95 de.pendixlg on the
total ·pret1SU,Jt\(~\ dJ"fff~I-errtlalo ~111e rnarlOlneter lines "lara equipped
wi t11 ltlolte t<,Q pre1ront t"tle ail t fr01D. pas sing into the
r:(lOI t:'he deTIsit~l of tlle iJll21d f101utionB£) samples
. 'W'J~~il:"e t. Bk(~1] d:DLrl tlg tf)\~1,'i,::11 J~,'I!E:,~:f:rt:l0 'rb,e SarnlJles 'lAvers taken fl"'om the
discr.lB,:rge rd,JJ(:, ~b':y' ttlE)f:l.lnS of t1 syt?Jtenl of 1.j/'tVV sample Vvpitot=type't
t'F)l'!.)':~ls 0 S~1m.plet~l ·~'"fe.r'~rl 'taJ{€:jl f:rOJJ1 tJ~llc;ea (3) separate 'tul)ss ~ (,)ne
,'L~\·"i,c;et·ed et. t,f.\8 (?"fi~fnt,'£~~r t.h~~J 'pl:pe~ 0118 11SX\,J ',,0 t:he "{¥J's11 and
'i)~)..(J 1.oe EdJ(~d l(li~,t.tR t·t~#}3 di~lY~J.~tjer fr'f)lTh t.11fi! lliall of tJ16 pj.]?e 0
Four (4)
10()Op 12009
wel~e run tnl thvf~~ '''/l"~~ IJi;pt:J l-h~~nd ('it detlSl ties of 120'0 A!lld 1.3:30
per 11 tj'~j!,) f:Uld t\~j'() (2) tests "\f/ere run on the E~u l)ipe
k:;'En'ld. at detls:lt..le~:[-j of flrlcl 1300 gr8.ms per Ilter o
th,e bfJnd v18t3 t'ec.\' t)J:'I'd~:HJ (~(ltIel inel:"ernen ts of flow froTn zero
retJEfi of f"lo"ld to ~~r~~p,r"!)x.lrl1nt+.~l~r 1200 ga.llo11S per minute c TIle
£10\4 :c,::lte in. 8.11 tirJ6 eHJ11trolled by B. 6u gate 'ral,re
lCJC 8tr0d :nf;:;\;~.'l:t,'· tJ:1EJ EHJd t.b.8 disc;hclrge lir!e I) H,ead.in,gs 1?lere
a1iff~~ytd t, nJ.\·, 0 LJ -U~nd.ri~:«' '1-, () r.tS 0 f i Xlcreas i ng r £its of £1ow 0
= 10 =
From tl1C~ prc>diet:'<
complet,(::~ ::~l ~~J(,iJ~i''L''udJ=~) s tl18 l~\,odel al1d th.e I)rl;:.d~ot~vpe inust h»1',rp the
same re'- rr't,i',,) 1~au.ghl1ess 5' t}lt~~ SH1}:':e~ J!',ength to dle:ulleter retia and
be operfl~·,,'>d at the sarnr:) Rt",,: (,::,',)ld,s :L'.~oD:'f~lJe!cJ 0
To IS th::;:\ test res\/I';t,s 1..t· lEi C:(ilPlr~·:1nien.t to 'present
the datr)', :',n a dlmens'..:.rJnless pIO"f': 0 Irt nl\i(ler to f2\le:i':.';late Ie a
dimensionlesb plot.9 '~:he 1.,111: t hea<,l (~, HilL) \ters'us t..b,E: r(~y?nolds
number (I'4xlJ ) is prepared. cni log=-log l)flper 0
USi11g the 4~g diarneter elbo\v as the model 'rhe. ,-:!sses
in both th<3 6ig and eiJ 61bO'\rlS l,1':'··'6, pT~ed.i.eted () as SlUl'ling J10 ;?;-;C ale
,effect Bnd the curves plnttefl on the gre.pt!B 1Ir1th tt!€
test d'~3.1.-"a 0 (T}Je losses iII the 8v~ e1 bOt,l '\Jlere i'?llBO p.ceclicted
usirlg the 6n diameter elbovl ~s a luodel) 0 The c1iffere:nce itl
the predicteo_ arid a,ctl},.1lJl Cllr"118S is 8,ssn;rrned to be dtle to t118
fact that the l"'elatiV'2? rought18SS in the fnodal .is x!ot equal to
tllat of the J)rotot,~Y'pe (;:ical:~i effect) ()
Froxfi the predic;ted ::~,::nd actu.al curve~ (Graphy 2. and
3) values of K for a concentrAtion of solid is equal to 1200
grams per liter are calCtllated ;r~~nd are shown in Table I o
=~ 11 ='",
S'cale Ratio
dm/dp
TABLE I
o-"""",,__aK~ ~~...-._.........,.
Conc o 1200 gil
In Graph 4 unit head loss versus Reynolds number for
t.he 6n diameter be~d w'~s plotted for values of concentration
from 1,000 t,_"; 1»370 grams per liter o By observing tllese ct1rV1es
you oan obt:~:'.,L,n the following formula for the unit heaa losso
In the B.bove formula from Graph 4 it is sc':en that C
is a functi<)n of the cO!lcentration and diameter of tIle pipe
bend and. the slope m e.ppee.rs to be a fU11<3tion of the conc.entra~
ti011 onlyo
Froin the v81.ues of K given in. Table I it is seen
that the erro::,'" itl the predic'tion equation increa.ses i:~,Ii3 the scale
ratio increases o
These tests Sh01!/ a definite trend but more tests
would be.req~dred to ar~ive at a~ absolute conclusions o
The ma~jor' problems confronted in this Test J?J:~ogram
were tho,se which ~:u,~~-)se due to the difficulty of recording data
on the concentr~ti)112 of mud!,) These problems arose prjjnarily
because of the rapid 8sttlement of the suspended part~cles in
= 12 ==
soltltiono Fr,>oln ,riscosit~l tests ,tt \.·]'8.6 ShO'WYl that t,h.ese 11lud
concel1tr~,tiollf! exhibited tIlE:: prop(~r·ties of a tllixotropic fluid o
S:ince it is th·:~ s phe110 111er10nl c~f the fluid \"hich has a
pa.rticular bea.r'i:ng on t118 de',elctpnler1t of pr~3diction equ8tlons 5>
it wou...ld be ree)30nab.l{; to COllsider rruming t~xperimen,tal tests
on some otller fluid v~:'(1i(~h exhlbitc this same ty·pe of ~p11enomenom
yet would not hfPle t118 disad.,r(-ljntRge t118 settlenlent ,problems
confronted w'i th the mUll conce~nt!l, ,9t~Lo,:.'!~<j 0 Fuc 0 l)rlnter Us ink or a
non=Newtonian all o
K
!
~~ .•. -.~~~.~~~._._-.-. ~--~...t
~ ::i 2~O
dpi
/dl"rl
that for the 1200 grAms per liter concentration the scale effect
inCre8S8t1 ·vri..th irlcr'easirlg scale rati.o n It is import8flt to note
with a concentration of 1200 grams per liter were all in the
turbule11t range o
13 =
value
(1) 'fning a.
~frOUl cl,ogg:i1Jg
wi tIl lD.lld.o
seen 't.hat th~
tests run &t a c®ncentrati@n ®f
Reynolds nU~b~r 20000 Also
intw the t fl't
8- results plet almost on t
resulting in characteristics similar te that .f
being planned t@ try t® ebtain
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TES',T DAT i-\ OI\T .P u ~ ])H.OP THROUGH 2700 PIPE BEID
S:peclfic (j·r::lv·it·y of Fll:lidg lcOO
Test No~ H.eading Flow 'rota! Pl"eSSUI'e Drop
inches of Meriem # 3
,~~.gp."w,,~·m cfq..__,._. Specifie G!:!!.vit:{_~.92
I 1 0 0 ()
2 200 0 0 45 0 0 5
,3 400 l)og9 1 0 4
4 600 IG>34 303
5 SOC) lof78 507
6 1000 20 23 8.5
7 1~200 2 0 61 12.7
COMPUT AT IOl~ OF REIl\OLl)S' )~rMBEll AND t:J1/L
Lid = 7 oJ,
L ~ 3055'
Ix\} ~ 2 0 A.~:;, ;;;~:
Fl@v
Q:
~:r~
". "l.,":) @£
,;';~ :::: ,! -'!:'\ a.xu
Reynolds
Number 5
Nr x 10
lTelBSlJ.r6
Drop
i1H
A' ofH20
o
0 0 221
0 0 534
qo923
10371
2 0 057
o
0 0 023
0 0 064
0 0 151
00 260
0 0 )88
0 0 ;80
'.rEST DATA ON PI-·re:S~StTRE DROP THROUGH 2700 PIPE BEND
D:l8mete:r~ ()f Pipe: 8"
S,peci.fio Gl~8,rit~f of Fluid: 1,,,20
Lid ~ 701
II 8 0
9 :~:OiJ
10 L~OO
11 600
12 gOO
1~3 100()
1.ij , 1200
Flow
efa
o
0 0 45
0 0 89
1 0 34
1 0 78
2 0 2.3
2 0 ,67
Total l)ressuJ.~(:~ l)rop
inc11es of) Mel~iE;.nl # t3
Specific GI~o.vit~y :: 2~~
o
0.7
- 210.
C{\MPrr:e.ATIOl\f ()J:l' :RE~YIiOLOO, NUMBE~F~ AND .JH/L
iDiame" of P 8"
Fluid~ 1 0 20
L :: 0 ~-,:'3'
\. =' 0'57 fJ /~ . 105
'Flow Rate of S:he8r Reynolds PYJ SI ~sSuri~
~~ SjheF'r S:tress Number DX~(j.lJ eli
cfs D rr. Nr x 105 ,"H LSec...1 dyn/cn12 ~A. of
0 0 0 0 () 0
0 0 45 1503 13 0 0 0102
0 0 89 30 0 7 16 OOc 033 0 0 113 0 0 024
1034 00 19 0 0 063 00 243 0 0 051
lo7S 0.3 23 0 0 092 O./~37 0.092
2,,23 :-/'6'0(1 26 0 0 128 G'o6r;t-7 00 147
2~.67 00 29 0 0 165 1.053 0 0 222
TEST DATA O~! PRESSUFtE DROP THB1JUGH 2700 PIPE BEND
-nate~ March 8, 1960
Specif:Lc Grevity of Fluidg 1 0 20
Test Ncx o ReadIng Flow T~otal Pressure D,rop
inches of \"-'\e l-:-.::.' L't"'~j
gpm ofa Specific Gravity' ~ 1;:;.• 6
III 15 0 0 0
It~~ 200 0 0 45 0 0 4
17 400 00 89 1 0 6
18 600 1 0 34 3 0 6
19 800 1"078 60 6
20 1000 2 0 23 100 5
21 1180 20 63 1405
-23 em
COMPUTATION OF REYNOLDS: NUMBER AND ~H/L
Diameter of Pipe: 411
Specific Gravity of Fluidg 1.20
Lid =701
L, :: 2 0 36 1
Na =9.66pif'1q; x lO~
Flow Rate of Sheer Reynolds PressuI"e.
Q', Shear S,tress Number 5 Drop ~
era D '7; Nr x 10 t\H L
Sec-1 dyn/cm2 A of H2O
-_.:-~~~.~~
0 0 0 0 0 0
0 0 45 122 0 6 34 0.068 0.420 001?8
0 0 89 24503 50 0.183 1.680 00 712
1034 36709 63 0.327 3.780 1.603
1 0 78 490 0 5 77 0 0 476 6.9.30 2.-·938
2 0 23 6'13 0 2 93 0.617 11.025 l}.675
:
.,
2 0 63 72305 107 00 746 15.225 6 0 455
_ 24_
\ ,TES~T DATA ON PRES~SUR,E D,ROP THROUGH 2700 PIPE BEND,
Date: March 10, 1960
Diameter of Pipe: 6n
Specific Grevity of Fluid3 1 0 20
Test Nco Rea.ding Flow ,Total Pressure Drop
inches of Meriam II 3
gpm era Specific Gravity =2.95
IV 22 0 0 0
23 200 0.45 0 0 7
24 400 0 0 89 2 0 0
25 600 ID34 5.4
26 800 1078 8 0 S
27 1000 2.23 13.8
28 1200 2 0 67 19.0
'O-OMPUTATION OF REYNOLOO NUMBER AND 81fL
Diameter of Pipeg 6"
Specific Gravity of Fluidg 1 0 20
Lid • 701
L =: 3055 1
Na ::: 1.926PQ2Jr x 105
Flow
Q~
ora
Rate of
Shear
D
Sec-1
Sheer
Stress
~
dyn/crrf
Reynolds
Number
Nr x 105
Pressure
Drop
AH
A of H20
dH
L
0 0 0 0 0 0
0 0 45 36;)1 17 0 0 027 0 0 113 0 0 032
OoS9 72 0 6 25 0.073 0 0 324 0 0 092
1 0 34 1080 9 32 0 0 129 0 0 877 0 8 247
1 0 78 14503 37 0.198 1 0 430 ,0 0 402
- ..
2 0 '23 181 0 6 42, O~273 2 0 240 0 0 63
...
. ..
2 0 67 21709 45 0 0 366 3 0 09 0 0 87
_ 26-
TEST DA~~tt ON PRESSURE DROP THROUGH 2700 PIPE BEND
Dates March 18, 1960
Diameter of Pipe ~ 6ft
}l'luid: 1 0 33
Test Noo Reading Flow Total Pressure Drop
inches of Mariam II ,3
gpm crs Specific Gravity =2.95
VT 29 () 0 ,~t:';'I/" •. 0
30 200 00 45 0 0 6
31 400 0 0 89 2 0 6
32 600 1 0 34 3.4
33 800 1 0 78 8.6
34 1000 20 23 12.6
35 1180 2 0 6,3 17.0
~ .....
- .
'COMPUTATION OF REYNOI,DS NUMBER AND ~/L
Diameter of Pipe: 6u
Specific Gra.vity of Fluid~ 1,t\33
Lid =7.1
1: = 3055'
')
""'" - 1 926 n,t7t?'''/."\,, ::1::' 105
..L1J:f.. - 0 ,/ <. ~, ',- ~
Flow Rate of Shear Reynolds Pressure
Q Shear $,tress Number Drop
,efs D Nr x 105 aH MISec=l dyn/cm2 A of H2O L
.- , ~~~'-..-:.~:I:~'t>.
0 0 0 0 a 0
0 0 45 36~1 195 Oco026 0.097 00027
0 0 89 72 0 6 250 OoOOal 00421 O,~ 119
1034 10809 280 o~0163 0.551 00 155
1 0 78 145~3 285 O,~O285 lu393 O~393
2 0 23 181 0 6 295 0'10432 2 0 041 0.576
20 63 214Q3 310 0.;0570 2~754 0 0 777
2-8 -
,.
-./~.u_.~~._-, ,l.~ ~ r~: ~~~U;_ ;-~ ~1"""":-r- .•~~~:,,:,"~"., ... ~.--r:-:: r,
~TEST DATA ON PRES~SURE DROP TH,ROUGH 2700 PIPE BEND
'Date ~ MB.rch 21, 1960
Diameter of Pipe: 6"
Sipecific Gravity of Fluid: 1'037
Lid:: 701
-Test Noo Reading Flow Total Pressure Drop
inches of Meri am II 3
gpm efa Specific Gravity =2.95
VI 36 0 0 0
37 200 00 45 0.4
38 400 0 0 89 2 0 9
39 600 1 0 34 60 0
40 sao 1&78 11,.0
41 1000 2 0 23 15 0 6
42 1160 2 0 58 190 0
.'
COMPUTATION OF REYNOLDS NUMBER AND /JIlL
Diameter of Pipe: 6','
S,pecific Gravity of Fluid: 1 0 37
tid =761
L =3055'
Na = lo926f~/rt x 105
Flow Rate of ahear Reynolds Pressure
~;. Shear Stress Number Drop AH
l\. x 105 --ets D 7' AH ,. LS',ec~l dyn/cm2 A of H2O
0 0 0 0 0 0
0.45 36 0 1 540 0 0 00099 0.065 0.018
0.89 72 0 6 680 0.00,31 0 0 470 0.133
1.34 108 0 9 730 00 0065 0.972 0.274
1078 14503 800 0.0105 '1.7,82 0.50.3
2.23 181 0 6 900 0 0 0146 2 0 527 0.713
2.58 210 0 6 950 000186 3.078 0.868
-30 -
TEST DATA ON PRESS,URE DROP THROUGH 2700 PIPE BEND
~ate: March 22, 1960
Diameter of Pipe 8 .8iU
Specific Gravity of Fluid: 1.33
Test No. Reading Flow Total Pressure Drop
inches of Mariam # 3
gpm ers Specific Gravity =2.95
VII 43 0 0 0
44 200 0 0 45 0.4
45 400 0 0 89 1 0 3
46 600 1.34 2.4
47 800 1.78 3.7
48 1000 2.23 '5 0 6
49 1180 2 0 63 80 1
COMPUTATION OF REYNOLDS NUMBER AND ~H/L
Diameter of Pipeg SU
Specific Gravity of Fluid~ 1033
Lid:: 7~l
L =: 40 73'
NR ... 0.557 f Q2 / T x 105
Flow Rate of Shear Reynolds Pressure
Q shear Stress Number Drop
.,
efs D 'L Nr x 105 ~H AMSec-=l dyn/cm2 A of H2O -"-L-
0 0 0 0 0 0
~
CF.h5 1503 154 0 0 00096 0 0 065 Ooc014
0,0,89 3,OQ 7 185 0 0 00318 0 0 211 ,- O:~O45
l~3}+ 46<>0 213 0000612 00389 O=o{)82
1.78 6103 235 0 0 010 00599 0"0126
2.23 7606 255 0 0 0144 0 0 907 00191
2.63 9004 270 0 00190 10312 Oc277
TES,T DATE ON PR'ESSURE DROP THB,OUGH 2700 PIPE BEND
Date: March, 1960
Diameter of Pipe: 4ft
Specific Gravity' of Fluid: 1 0 33
Test No o Reading Flow Total Pressure Drop
Inches of t"\e~ur!d
gpm era Specific Grav~ty=13 0 6
VIII 50 0 0 0
51 200 0 0 45 0 0 7
52 400 0 0 89 2 0 4
5.3 600 1034 404
54 800 1 0 78 7 0 6
55 1000 2 0 23 12 0 2
! 56 1200 2(.)67 19.0
OOMPUTATION OF REYNOLDS» NUMBER AND dH/L
Diameter of Pipe g 4 i ¥
Spe,cifie Gl"fl~Jity of Fluidg 1033
Lid =: 7 0 1
L :: 2 0 36'
Na .. 9 0 66pctf.!r x 105
- ~-...."'"
"Flow Rate of 5~hear Reynolds Pressure
Q Shear Stress Number 5 Drop
era D\ ",,'Y t1H ~',.J Nr x 10
Secaa1 d~/cm2 A of H2O L
0 0 0 0 0 0
0 0 45 122 0 6 280 00 00915 0 0 735 00 312
0 0 89 24503 .320 0 0 0318 2 0 ;20 1 0 068
1 0 34 367.9 365 0 0 0630 4 0 620 . 1 0 959
1 0 78 490 0 5 410 0 0 0995 70980 3.384
2.23 613 0 2 450 00 142 120 810 5.431
2 0 67 735 0 8 500 00 183 190950 80 459
APPBNDI CBS
DERIVATION OF EQUATION;1,
Iieynolds Number
d .;;; p:lpe di·tl.; .:til,
for d =4U,' D·: 275.~,_
for d =6ft n c;~ 81 0 5Q-
' ....
for d =8tt Ii:: 3i{: ,,4Q,
-'tI) •
0·3' 0
',: t, 0
For water ~ ~ Vd/fyF V = ,<Q!i; ,-,
Nr z 4Q/'yd l/
For temperature of 22° C$
rV =1 0 026 x lO~;
For 6~ diameter pipe
EQUATION FOR REYNOLDS ,NUMBER OF MUD
Nrm :: Vd/V V. =JJ/p
.M =~
De =4Q/1fR3 • 32Q/1/ d3
IV =t1T"d3/32Q f x (0.001076)
Nrm =V32Qf'/~1rd2 (0.001076)
V =Q/A-
Nrm = ~P/Ib A-2 (0.001076)
For 411 pipe diameter
For 6" pipe diameter
For 8" pipe diameter
r'-
@r '1 ,d,'~;, ~<i:.lij:ber ~ ., ';,_ X l'\}""
4\1 n;",,·~.t:I-;~ ~.:. ~~.l~ ,.£-,
(~H/L)p :: K~(lm/dp)2V~',H/L)M
(GH/L)p =K(O~445) (~H/L)M
K = 0170/(0 0 445)(.295) = 1 0 29
4" model 8" prototype
K = .(d',H/L)P/ (002~1) (L\H/~lM
K ~ 011/(025)(0295) = 1.49
611 model 8n prototy]:)(~
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